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ABSTRACT 
An investigation of structure insensitive properties 
(lattice parameters, thermal expansion coefficients, densi-
ties, and imperfection) o£ gold and the ~-phase of the gold-
indium system was made4 
The gold-indium alloys were prepared from high purity 
(99~999%) gold and indium by melting both metals inside 
s.e~led quartz glass tubes which were first evacuated and 
then filled with helium gas. The solidified alloys were 
artnealed and then examined by x-ray for homogeneity. 
The lattice constant of 99.999% pure gold at 25°C was 
found to be ~.07894 to.oooos (corrected for refraction) A. 
The coefficient of thermal expansion was 13.4 x lo-6oc- 1 
between 15 and 65°C. 
Indium was found to expand the lattice of gold up to 
12.57 atomic percent of indium, which marks the solid solu-
bility limit of the a-phase of the Au-In system at 690°C. 
The agreement with previous determinations is good. The 
lattice constant of gold increased at a rate of approxi-
mately 0.0030 ~per atomic per cent of indium. 
The coefficient of thermal expansion of pure gold in-
creased from l3.4 x l0- 6 °C-l to about 17.2 x lo- 6 oc-l with 
indium content up to about 7.5 atomic per cent indium and 
then remained approximately constant. 
2 
A single crystal of 99.999% pure gold was found to have 
the density of 19.275 ±0.0017 gm cm- 3 The densities of Au-
In alloys have been reported and were found to be lower 
than that of pure gold. Vacancies were always present in 
the a-phase of the Au-In system. The number of vacant sit~ 
increased from 1.88 x 10 20 to 2.84 x 10 20 per cm 3 as the 
indium concentration increased from 2 at.% to 6 .. 55 at.% and 
then decreased to 1.55 x 102° per cm3 up to the solubility 
limit. The number of vacancies decreased approaching a 
limit of 0.0174 vacancies per indium atom at the solid solu-
bility boundary. 
CHAPTER I 
INTRODUCTION 
3 
The unique properties of noble metals are utilized in 
components and coated pa~ts of equipment for the chemical) 
electrical, automotive, marine and space indust~ies as well 
as to increase the efficiency of industrial temperature 
measurements. 
The recent advances in technology and particularly 
those in the aerospace industries, have resulted in a de-
mand for new and improved materials. Therefore the know-
ledge of the structure of alloys and their defects is an 
essential step in understanding metallic behavior and a 
way to improve the quality of existing materials. Dirfe-
rent methods have been suggested for this purpose. The 
method of calculating the actual number of atoms o~ mole-
cules per unit ce 11 11 n 1 11 and comparing it with the theoret-
ical number obtained for perfect structures(l) is one of 
the approaches. This method requires extreme precision in 
the determination of the macroscopic densities, the lattice 
parameters and the thermal expansion coefficients. The 
last two can be found by the x-ray diffraction method. 
The present work involves the changes in the concen-
trations of imperfections of solid solutions of Au-In al-
lays with increasing indium content. For this purpose, 
4 
p~ecise dete~minations of lattice constants, thermal expan-
sion coefficients, and the densities of high purity gold and 
its solid solution alloys with indium are necessary. The 
limit of so1id solubility of indium in gold at a tempera-
ture of 690°C was also redetermined. This is the tempera-
ture of the maximum solid solubility of indium in go1d as 
shown by the phase diagram. 
5 
CHAPTER II 
REVIEW OF LITERATURE 
Over a period of the last five decades, a considerable 
amount of work was done to determine the lattice spacings~ 
coefficient of thermal expansion, and density of gold and 
its alloys. Some of the experimental results of the lattice 
spacing determinations are given in Table I, the last col-
umn of which represents the lattice spacing values reduced 
to 25°C and includes a refraction correction of 0.00035 R. 
There are a few determinations of the density of gold 
of an uncertain physical state. Rose(l?) annealed some 
gold £or 168 hours at 240°C and found the density of it to 
be 19.286 g/cm 3 at 0°C. The density of gold as listed in 
the International Critical Tables(lB) is 19.2858 g/cm3 at 
0°C. Pearson(lg) calculated the density of gold from a 
0 
lattice constant of 4.07855 A at 25°C and found a value of 
19.28 g/cm 3 . Owen and Yates( 2 0) report a calculated densi-
ty (x-ray) of gold to be 19.294 g/cm3 at 20°C. 
The results of the var~ous investigators on the therm-
al expansion coefficient of gold in the temperature range 
between 0° and 100°C agpee closely. Owen and Yates(B) ob-
tained a value of 14.2 x lo- 6oc-l at 20°C. Gunji Shinod~~) 
measured 13.2 x lo-6oc-l. Nix and McNair( 22 ) made a deter-
mination of the thermal expansion inter£erornetrically in 
TABLE I 
Lattice Parameters Reported for Pure Gold 
Q 
6 
(Values converted from Kx units to A using factor 1.00202) 
Gold a in 1t a at 
Purity Temp. (Converted 25°C* 
!Authors Year % oc from Kx) ~ 
( 2 ) 1918 4.08 4.08 Scherrer - -
t1cKeehan( 3 ) 
4.083 
1"922 99.99 - t.008 4.083 
fHolgersson(4-) 1926 99.9 - 4.088 4.088 
~~a1, A11(1~)1 & 4.078 
tvestgren · l93l 99.0 - t.004- 4.078 
Weerts(G) 4.0785 Sachs & 1930 99.9 - t.0002 4.0789 
Weerts( 7 ) 4.0785 Stengel & 193l 99.9 - t.0003 4.0789 
Ibal1 ( 8 ) 4.0793 pwen & 1932 99.9 16.5 t.0010 4.0798 
Yates( 9 ) 4.0781 Owen & 1933 99.9 18. 0 :t.0003 4.0785 
Foote(lO) 4.07864 Jette & 1935 99.9 25.0 t.00006 4.07864 
Kul?ascf!f~kl & Room 4.0783 
We~bke 1938 99.99 Temp. ±.0010 4.0789 
Roberts(l 2 ) 4.07812 bwen g 1945 99.99 18.0 t.OOOOS 4.07850 
~eyerer ( 13 ) 4.07858 l956 99.998 25.0 ±.00001 4.07858 
~14 4-.07852 Merryman & Kempte 1965 99.99+ 25.0 ±.00014 4.07887 
B<;tchelt(r:S)& 
81mmons 1965 99.999 25.0 4.07880 4.07880 
Rolfe(l6 ) 4.0782 1966 99,99 17.0 ±.0002 4.0789 
4.07894 
Present Work l967 99.999 25.0 ±.00005 4.07894 
*Using thermal expansivity of 5.46 x 10- 5 X;oc and re£raction 
co~rection of 0.00035. included. 
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the range of -196° to +700°C. The ave~age value between 10° 
-6 -1 (13) 
and 66°C is calculated to be 13.97 x 10 °C . Weyerer 
found from lattice parameter determinations an average val-
The value listed in International 
Critical Tables(lB) is 14.4 x l0- 6°C-l in the range of 0° 
to 100°C. From the x-ray investigation of Simmons and Bal-
luffi(23) follows an average value of 2~.16 x l0- 6 °C-l be-
tween 50° and 100°C. 
The most recently published gold-indium phase diagra~24) 
is shown in Figure l, page 8. According to this diagram, 
the a~pha-phase extends from pure gold to about 12.7 atomic 
per cent indium at 690°C. 
The gold-indium "alpha-phase lattice spacings measured 
previously are listed in only three publications. (l) 
Kubaschewski and Weibke, l938(ll), examined the alloys made 
of 99,99% gold and 99.99% indium. The lattice spacings 
were measured using a Debye-Scherer camera, copper radia-
tion and a nickel filter, exposing the samples for 6-8 hrs. 
at room temperature. The heat treatment given to the sam-
ples of various composition varied. (2) Owen and Roberts, 
l945( 2 S), measured the lattice spacings for the alloys made 
from gold (99.99% pure) and indium (99.99% pure). The al-
loys were prepared by melting the constituents in evacuated 
silica tubes. The melts were shaken from fifteen minutes 
to one hour and then quenched in ice cold water. Then, to 
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Figure l. The published Au-In phase diagram. (ref. 24) 
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all the ingots of different composition~a vigorous heat-
treatment was g~ven lasting as long as 13 days at 500°C. 
Specimens for x-ray work taken from each of the alloys were 
annealed and quenched. X-ray photographs were taken with 
.a focusing camera and nickel radiation. The accuracy of 
the lattice parameter determinations was in the order of l 
part in 20,000. All lattice spacings we~e corrected for 
refraction. (3) Hiscocks and Hume-Rothery, 1964( 24 ), re-
examined the phase diagram of gold-indium by the parametric 
method. Alloys were prepared as mentioned above. The puri-
ty of gold and indium was better than 99.99%. The x-ray 
investigation of the alloys occurred by standard technique. 
Accurate lattice spacings were determined from Nelson-Riley 
plots. The values were not corrected for refraction, and 
the temperature range was between 20° to 23°C. 
For' the purpose of comparison, all the above mentioned 
0 
lattice parameters were converted to A units with conver-
sian factor 1.00202 and were reduced to 25°C, using the 
·proper thermal expansion coefficient as determined experi-
.mentally in the present investigation. These reduced val-
ues are listed in Table II, page 10, and plotted in Fig. 2. 
According to the phase diagram published by Kubaschew-
ski and Weibke(ll) the solubility o£ indium in gold at 
690°C was 13.8 At.%. Owen and Roberts( 2 B) found a solubili-
ty of 12.75 At.% at 690°C, but the maximum was at 682°C-
TABLE II 
Published lattice spacings of the Au-In alloys 
within the a-solid solution region 
• a . Values ln A veduced to 25°C and refr corr J.ncluded . . 
At.% In 1 2 8 
0.00 4.07850 4.0789 
1. 9 9 4-.08397 
4.05 4.08982 
4.20 4.094 
6.20 l.J..0957S 
6.70 4.103 
7. 3 3 4-.0987 
7. 9 9 4-. '10107 
9.94- '+.l-0647 
10.00 4.1066 
11.50 4-.122 
11.72 4-.11186 
12.00 4.ll28 
12. 53 
13.42 4-.114-50 
1. Owen and Roberts( 25 ) 
2. Hiscocks and Hume-Rothery( 2 4-) 
3. Kubaschewski and Weibke(ll) 
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l2 
12.92 At.%, with a sharp discontinuity, for which this au-
thor offered no explanation. According to Hiscocks and 
Hume-Rothery( 24 ), the solubility at 690°C was about 12.7 
At.% indium, and the~e was no discontinuity as reported by 
Owen and Roberts< 28 ). Also, a value of solubility of indi-
um in gold at 1197°F (€47°C) was reported to be 8.5 Wt.% 
In(26). 
Simmons and Ballu£fi( 23 ) (1962) calculated the in-
crease in vacant sites with temperature of 99.999% gold up 
to its melting point. 
A further survey of the literature did not reveal any 
work done on either accurate density determinations or the 
study of imperfections in gold-indium system. There is 
also no work reported on the thermal expansion coefficients 
of the gold-indium alloys . 
.... :, 
CHAPTER III 
EXPERIMENTAL PROCEDURE 
A. Materials Used 
13 
The gold-indium alloys used throughout this investiga-
tion were made of high purity, 99.999+ per cent, gold and 
indium supplied by the American Smelting and Refining Com-
pany, (ASARCO). The analysis of these metals is given in 
Table III. Gold was supplied in the form of splatters and 
indium in the form of rods. 
B. Preparation of the Gold-Indium Alloys 
A calculated amount of gold and indium, to make an al-
loy of desired composition, was weighed with an accuracy of 
tO.OOOOS gm. The metals were placed in a clean~ dry, fused 
quartz tube closed at one end. The tube with its contents 
was evacuated and the remaining air in the tube was flushed 
out with helium gas. This evacuating and flushing out ope-
ration was repeated at least four times using a mechanical 
vacuum pump. In the final operation when the helium gas 
pressure in the tube was one-half atmosphere, the tube was 
sealed off. 
The metals inside the sealed tube were heated in an 
electric tube furnace to about 1150°C. After the two met-
als had melted, they were mixed together thoroughly by 
:, \ 
14 
TABLE III 
Purity of materials used. 
Impurities of the indium bar. 
Element Content (Wt.%) 
Copper 0.00005 
Cadmium 0.0001 
Iron 0.0001 
Lead 0.0001 
Tin 0.0001 
Indium 99.999+ (by difference) 
Al, Tl, Ni, Bi, Zn, Sb, Ag, As, and Te are all 
"none detected" by Standard Spectrographic methods. 
Impurities lD gold splatters. 
Element Content (Wt.%) 
Copper <0.0001 
Magnesium 0.0001 
Iron <0.0001 
Silicon <0.0001 
Lead 0.0002 
Silver 0.0005 
Gold 99.999 (by difference) 
Sb~ Tl, Mn, Sn, Cr, Ni, Bi, Al, Ca, In, Cd, Zn, Pt, 
Pd, Rh, Ru, Os and Ir are all "none detected" by · 
Standard Spectrographic methods. 
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shaking the tube, while still in the furnace and also while 
slowly removing it fvom the furnace. The tube with its con-
tents was again placed in the furnace and when the contents 
were remelted, the same process of shaking was repeated. 
The whole operation was repeated several times to insure 
thorough mixi~g of the alloying elements. Finally the tube 
with the molten alloy was rapidly removed from the furnace 
and quenched in ice water to prevent any segregation during 
solidification. 
The solidified alloy ingot was homogenized in a tube 
furnace for llO hours at a temperature of 690 t5°C. Then 
the alloy ingot was again quenched in ice water. 
Each alloy so prepared was checked for homogeneity us-
~ng x-ray diffraction to evaluate the lattice parameters. 
For the measurements, powder was filed from both ends of 
the ingot, and the lattice parameters at each end of the 
ingot determined. If the lattice parameters at the two 
ends of the ingot were approximately equal, the alloy was 
regarded to be homogeneous. 
C. The Asymmetric Diffraction Powder Patterns 
By loading the powder camera with a film in the asym-
metric position, the circumference of the film can be exact-
ly determined without knowing the diameter of the camera or 
l6 
the amount of film shrinkage after its development. By 
carefully mounting the thin and uniform sample, centering 
it accurately and maintaining it at a constant and known 
temperature, it is possible to calculate the lattice con-
stants from the measured powder patterns of crystalline 
substances with high precision. A detailed description of 
the experimental method and the necessary equipment is giv-
en in the lite~ature< 27 , 28 ,2 9 ). 
l. Preparation of Powder Samples 
The surface layer of the ingot was removed by filing, 
and then some more powder was filed from the ingot. The 
powder was annealed at 690°C for five hours inside of a 
sealed quartz glass tube with helium in it at a pressure of 
one-half atmosphere, and then quenched in ice water. It 
was necessary to anneal the powder to relieve lattice dis-
fortion caused by filing. The one-half atmosphere helium 
was necessary to prevent the loss of indium from the alloy 
due to vaporization. The annealed powder was screened 
throu~h a 325 mesh bolting cloth and only the -325 mesh 
powder was used for the sample mounts. 
2. Sample Mounting 
In order to get sharp diffraction lines, well-centered, 
thin, uniform and undistorted crystalline samples are nee-
essary. The p~ocedu~e of preparing the sample mounts was 
17 
as follows. A lithium-boron glass fiber of about 0.05 rnm 
in diameter and 7-8 mm in length> was glued to the tip of 
the centering head of the sample holder of the came~a cover. 
The latter was placed under a microscope in such a position 
that the glass fiber was horizontal. Using a microscope, 
the glass fiber was positioned by means of the adjusting 
screws of the camera cente~ing head until its axis of rota-
tion coincided with the camera cover axis. The glass fiber 
was then coated with a thin layer of thin oil which served 
as an adhesive. The powder (-325 mesh) was spread evenly 
over the oil coated_ glass fiber so that the overall diameter 
did not exceed 0.2 mm. The length of powder coating was 
about 2-3 mm. It was desirable not to exceed the thickness 
of 0~2 mm in order to prevent a broadening and a shifting 
of the diffraction lines. After mounting, the centering of 
the sample was checked again. The cover with the powder 
mount was put on the camera. While viewing the powder sam-
ple in the camera through the collimator using a magnifying 
glass, the most appropriate place of the powder sample was 
moved into the field of view and the centering was checked 
once more. 
The same glass fiber could be used repeatedly by dis-
solving the oil with a small amount of acetone to remove 
-o:he powder. 
18 
3. X-ray Diffraction Patterns 
The film was loaded asymmetrically in the powder camera 
( 6 4 mm diameter), so that both front and back Y'eflection 
lines could appear·· side by side on the film stY'ip, Fig. 3. 
Then two holes were carefully drilled in the film to admit 
the collimator,and beam stopper. Drilling was used because 
punched holes cau;e an even local shrinkage of the film( 3 0). 
In o~der to obtain the lattice constants at a known 
and constant ~~mp~tature of the sample, the loaded camera 
was p1aced {nto 9:, .. j:hermostat and allowed to come to equilib-
rium. F:J-gure 4 ':sfi(?ws the thel:'mostat arl:'angement by means 
of which it ·was possible to maintain the tempe:rature of the 
sample with ·ctlfl acc:qracy of .t 0. 05 degree. 
Two photographs of each sample were taken at constant 
temperatures ranging £rom 15.0° C to 65. 0°C. After a 4-5 
minute exposure, all fi1ms were processed in a standard 
manner. 
4. Film Measurement 
The diffraction iines on the film were measured using 
a comparator having a precision of 0.001 mm. The film was 
placed between two glass plates of the comparator so that 
the intersection of the cross hairs of the ~icroscope trav-
eled along the equator of the diffraction pattern. 
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Figure 4 X-Ray machine and thermostat arrangement 
21 
Two sets of lines in the front and back reflection 
regions were measured by supe~imposing the intersection of 
the cross hairs with the maximum density of the line. From 
these measurements the eff.ective film circumference, the 
conversion factor (from mm to degrees) and the back reflec-
tion Bragg-angles were calculated as shown in Appendix A. 
5. Indexing of the Gold Diffraction Pattern 
The gold diffraction pattern was indexed by a graphical 
method based on the reciprocal lattice. This method is 
simple and convenient for indexing the patterns of the cubic 
system. 
The graph for CoKa 1 radiation is shown in Fig. 5, page 
22. The same indexing is good for the alpha-phase of the 
Au-In system because the increase in the indium content 
within the alpha-range does not result in appreciable shift-
ing of the diffraction lines. All lines on the diffraction 
photographs were measured using a comparator) and the 20 
angles were calculated. The 20 angles we~e plotted on the 
reflection circle and the intersections with it were pro-
jected onto the diameter of the circle as shown in Fig. 5. 
The indices were read from the divisions on the horizontal 
diameter. 
3 4 
(111)(200) 
8 
(220) 
11 12 
( 311 )( 222) 
16 
(4-00) 
I 
19 20 
. (331)(4-20) 
Figure 5. Graphical indexing of a powder pattern of pure gold for 
CoKct radiation. 
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6. Lattice Constant 
The lattice constants for the cubic system were calcu-
lated by combining Bragg's and interspacing equations~ 
a = . A. /h 2. + k 2 + 1 2 I 2 s J. n 0 (l) 
where a is lattice constant, A the wave length ~n Kx of the 
radiation used, 0 the reflection (Bragg) angle and h, k, l 
are the Miller indices of the reflecting plane. In the 
above equation, the wave length, A, and the Miller indices, 
h, k, l, are constant for a certain substance and reflect-
ing plane. Hence, a new constant> Ko is introduced; 
( 2) 
From equations (l) and (2) the following equation is then 
obtained: 
a = K 0 /sin 0 ( 3 ) 
In the present work, CoKa1 radiation of wavelength 1.78529 
in Kx units and the ~20 plane below the highest Bragg angle 
were used for all calculations of lattice parameters. The 
420a 1 diffraction lines were much more intense and easier 
to read than the a2lines, thus the first gave more reliable 
results. The sample calculations are given in Appendix A. 
7. Coefficient of Thermal Expansion 
The coefficients of thermal expans~on were determined 
24-
from the average lattice constants at different temperatures 
using the following equation: 
ct = (at - a) I a ( t - t 0 ) or 11 a I a • 11 t (4-) 
where at is the lattice constant at temperature t°C, and 
a is the lattice constant at 25°C, t 0 • 
In equation (4), l:la/11t is the thermal expansivity of 
the unit cell in Kx per degree C and is represented by the 
slope of the straight line in the plots of the lattice con-
stant versus temperature. From the expansivity and the 
lattice constant at 25°C, the coefficients of thermal ex-
pansion were calculated. 
8. Refraction Correction 
The wavelengths of the x-rays are altered when they 
pass from one medium to another. This phenomenon causes a 
deviation from Bragg's law, leading to slightly smaller 
lattice constant values. The corrected Bragg's equation 
may be written as follows(Sl): 
nA = 2d (1 - 5.40 pd 2 10- 6 ) sin 8 
n 
( 5 ) 
where n is the order of diffraction, A is the wavelength of 
the x-ray used, d is the interplanar spacing, p is the den-
sity of the crystal, and 8 is the Bragg angle. 
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Substituti~g the interplanar spacing, d, of cubic sub-
stances into equation (5) and equating equation (1), the 
following convenient form for the refraction correction is 
obtained( 38 ): 
a 
corr 
where a lS the constant a corrected for refraction. corr 
(6) 
Substituting the appropri~te values for a,p, etc. 1n 
equation (6) the value for refraction correction of pure 
gold was found to be 0.00035 A and for gold-indium alloys 
0 
0.0003~ A. 
9. Error Calculation 
In order to evaluate the precision of the lattice con-
stant determination, erro~ calculations are necessary. The 
values of the lattice constants measured at different tem-
peratures were reduced to 25°C, using the following equ~ion: 
= a t [1 + a (25 - t)] (7) 
where a is the coefficient of thermal expans1on and at is 
the lattice constant at t°C. 
The average value of these reduced constants was found 
and the deviations from this average value were calculated. 
The standard deviation and the probable error are given by 
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equations( 32 ) (8) and (9): 
S = /~ ( d:x:) 2 I ( n - 1) ( 8 ) 
where S is the standard deviation, E(dx) 2 1s the sum of 
the squares of the deviations and n is the number of meas-
urements. 
If S is multiplied by 0.675, the probable error) S' 
is obtained at a 50 per cent confidence limit: 
S' = 0.675 S (9) 
D. Density Measurements 
The perfection of the structure of a crystalline sub-
stance can be evaluated using the experimental density and 
the lattice constants of the substance. The hydrostatic 
weighing method, which is based on Archimedes principle, 
was used to determine the densities of the samples. 
This method involves weighing the sample in alr and 
then ln a liquid of known density. In order to assure fil-
ling of deep areas on the surface of the crystal, the liq-
uid must have a low surface tension. Xylene c6H4 CCH 3) 2 
was selected for this purpose because of its low surface 
tension, comparatively low vapor pressure and not too low 
a density. However, the latter has to be known well and at 
various temperatures. The.density determination of xylene 
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is described in Appendix B. The necessary density of water 
for the calculation is taken from the International Critical 
( 33) Tables . The densities of xylene obtained at different 
temperatures are shown in Figure 6. 
l. Preparation of the Samples for Density Determination 
The alloy samples we~e the same, the preparation of 
which is mentioned in Chapter III, page 13. Since those 
alloys were quenched from above the liquidus temperature, 
they may have some pores or cavities. In order to avoid 
porosity within the alloys, the following procedure was 
followed. 
The homogeneous specimens in the amount of 1.55 gm to 
14.0 gm (for pure gold) were put in a quartz tube which was 
evacuated then filled with helium at one-half atmosphere 
pressure and sealed. The specimen was suspended in a ver-
tical tube furnace on a metallic wire which in turn was 
tied to a thread passing over a pulley coupled with a small 
clock motor. The motor lowered the specimen by a very slow 
rate of about one centimeter per hour. The sample was first 
melted in the furnace. Then the motor was turned on. As 
the specimen passed through the hottest zone to the cooler 
zone of the furnace, the bottom of the molten alloy Cor 
tip) began to solidify first. Solidification took place so 
slowly that the chances for pore or cavity formation were 
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Figure 6. Density of xylene reduced to vacuo. 
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almost negligible. Polycrystals consisting of only a few 
crystallites and sometimes single crystals we~e produced. 
All the specimens were cleaned and their densities 
measured. Then they were homogenized at 690°C ±5°C for 
seven days and quenched from that tempe~ature in ice water. 
Again the specimens were cleaned and washed in distilled 
water. 
2. Method of Measuring the Bulk Density 
The sample suspended on a fine tungsten wire of known 
weight was weighed in air. Then the sample was immersed 
into a beaker containing xylene. Then the whole beaker was 
placed on an electric oscillator located in the inside of a 
desiccator, connected to a mechanical vacuum pump. At fir&, 
the oscillator was started and immediately some gas bubbles 
sticking to the specimen escaped. Keeping the oscillator 
on, the desiccator was evacuated so that all the air adher-
ring to the specimen was removed. Then the sample was sus-
pended from the arm of a balance without taking it out of 
xylene. The sample was weighed in the liquid and the tem-
perature of the liquid, that o£ the air, together with the 
barometric pressu~e were recorded. The weighing was car-
ried out with an accuracy of ±0.00005 g on a semi-mic~o 
balance and the density of the liquid was read from the 
plot of density versus temperature (Fig.· 6). 
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The sample was then taken out of the liquid and placed 
1n an electrically heated oven at about 80°C which was con-
nected with a mechanical vacuum pump. Upon evacuation, the 
xylene was completely removed from the sample. Then again 
it was weighed in air. The density of air was calculated 
from the temperature and atmospheric pressure at the time 
of weighing the sample in air. 
The density of the sample was calculated from the 
equation 
(10) 
where dt is the density of the sample at a known tempera-
ture t, da the density of the air, ct1 that of the liquid, 
Wa the weight of the sample in the air, and w1 the weight 
of the sample in the liquid. 
All the density values~ d
8
, obtained in this way at 
temperature t were reduced to the density, d 25 , at 25°C 
using equation: 
[l + 3~ (t- 25)] (ll) 
where a is the thermal expansion coefficient of the sample. 
This method was checked by determining the density of 
a single crystal of silver as described in Appendix C. A 
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-3 value of 10.4951 gem was obtained,which compares favora-
bly with the calculated x-ray density of silver, 10.4978 g 
cm-
3 
within the limits of error. Hence the method is suf-
ficiently reliable. 
CHAPTER IV 
EXPERIMENTAL RESULTS 
A. Lattice Distortion and Recovery of 99.999% Pure Gold 
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During the preparation of the powder sample, mechanical 
stresses are generated inside the powder being filed as a 
result of the severe cold working applied. These retained 
internal stresses cause lattice distortion which results in 
diffuse back reflection lines. Sharper and clearer diffrac-
tion lines can be obtained by annealing of the powder which 
relieves the stresses. 
Lattice distortion may also be relieved by relaxation 
at room temperature, which means allowing enough time for 
the atoms or domains within the powder particles to relax 
and assume stable lattice positions. Relaxation may be 
considered as a process of annealing, conducted at room 
temperature for a longer period of time. 
In order to study the effect of time on the relief of 
internal stresses, at room temperature, powder was filed a-
way from 99.999 per cent pure gold as received from ASARCO. 
Several x-ray diffraction photographs of this powder were 
taken, one pattern after another. The first pattern was 
made immediately after filing and then successively at dif-
ferent time intervals. 
0 hour 
after filing 
2 days 
after filing 
1 hour 
after filing 
6 days 
after filing 
16 days 
after filing 
20 hours 
after filing 
22 c'!ays 
after filing 
Figure 7. Effect of time on the recovery of 99.999% gold 
at room temperature. 
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Figu~e 7, page 33, shows the g~aphs, obtained from a 
micvodensitometer, of the 420al and ~20a2 diffraction lines 
at a magnification ratio of 10:1. The films were taken with 
Co radiation and exposed for one hour in the powder camera. 
As seen from Figure 7, it is impossible to distinguish 
between 420al and 420a2 lines up to about twenty hours after 
filing the powder because of broadness of the two back re-
fle0tion lines covering each other. After six days, there 
is already some separation of the 420al and 420~ 2 lines, 
but the two lines become clearly distinguishable after six-
teen days and they are completely separated and well defined 
after twenty-two days. 
B. Lattice Constants and Coefficients of Thermal Expansion 
1. Pure Gold 
As mentioned in the previous chapter, CoK~ 1 radiation 
and the (420) lines, under the Bragg angle of 78.7°, were 
used for the precise calculation of the lattice constant of 
99.999 per cent pure gold. The Ka 2 line (420) was disre-
garded because it was less intense and hence could not be 
measured accurately. For the sample mount, gold was filed 
from a metal pieceand the fine powder was annealed at 750°C 
for one hour to relieve the stresses induced because of 
cold work. 
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The lattice constants obtained at various temperatures 
varying from 15° to 65°C are listed in tables in Appendix D. 
The average of two determinations at each temperature is 
plotted against the temperature in Figure 8. A linear re-
lationship is evident and it was, therefore, possible to 
draw a straight line through experimental points. From the 
slope of this line, the thermal expansion coefficient was 
calculated usi~g equation (4). The lattice constant for 
0 
gold is 4.07894 t0.00005 A (refraction correction included), 
and the coefficient of thermal expansion is 13.4 x l0- 60 c-1 . 
2. Gold-Indium Alloys 
The lattice parameter of gold-indium alloys within the 
alpha-phase were all calculated from the line (420) for each 
alloy, using equation (3) for the cubic system. Ten gold-
indium alloys containing 0.25, 0.5, 1.0, 2.0, 4.0, 6.65, 
10.0, 12.0, 13.0 and 15.0 atomic per cent of indium were 
prepared as described in the previous chapter. The alloys 
were obtained in the form of ingots. All the alloys were 
homogenized at 690 ±5°C for 110 hours and quenched in ice 
water. The powder for the sample mounts was filed from eaCh 
ingot and was annealed at 690 :t5°C foX' .five hours and 
quenched in ice water. All the alloys were checked for 
homogeneity by taking a sample from the top and bottom of 
each cylindrical alloy ingot and determining the lattice 
constants at each end of the alloy at a known constant tem-
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Figure 8. Lattice constant versus temperature 
fo~ 99.999 per cent pure gold. 
TABLE IV 
Lattice constants of the a-phase of the 
gold-indium system at 25°C. 
(Homogeneity tests) 
Composition Lattice constant ~ Top of Bottom 
At.% In ingot Average O·f ingot 
0.25 4-.07882 4-.07883 4.07883 
4-.07883 4.07886 
0.50 4-.07931 4. 07932 4.07931 
4-.07932 4.079l9 
1.00 4-.08080 '+. 08076 4.08072 
4-.08073 4.08067 
2.00 4-.08279 4. 08279 4.08283 
4.00 4-.08901 4.08901 4.08895 
6.65 4.09684 4. 09680 4.09665 
4.09677 LJ..09667 
10.00 4.10658 4.10656 4.10657 
4.10653 4-.10653 
12.00 4.11329 4.l1325 4-.11232 
4.11322 4.11242 
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Average 
4-.07885 
4-.07925 
4-.08070 
4.08283 
4.08895 
4.09666 
4.10655 
4.11237 
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perature. If the lattice constants are approximately the 
same, it is assumed that the alloy was homogeneous. The 
results of such tests are listed in Table IV, and the alloys 
were regarded as sufficiently homogeneous. 
The final lattice parameters and coefficients of ther-
mal expansion of gold-indium alloys containing 2.0, 4.0, 
6.65, 10.0 and 12.0 atomic per cent indium were obtained in 
the same way as for pure gold. Two film patterns at each 
temperature were made for each alloy. The relationship be-
tween the lattice constants and temperatures for all the 
alloys was always linear. From the slope of these lines, 
the corresponding thermal expansion coefficients were cal-
culated. The results for lattice constants at different 
temperatures are listed in tables in Appendix D and are 
plotted in Figure 9. Table V, page 40, lists the linear 
expans1on coefficients of the five alloys and Figure 10 
shows the effect of indium content of the alloy on its ther-
mal expansion coefficient. 
The lattice constants of the alloys prepared for den-
sity measurements as described in the previous chapter in 
the section on density measurements, were determined before 
and after their homogenization. Two x-ray diffraction pic-
tures were made for each sample taken from the bottom (tip) 
and the top of the alloy ingot. All the pictures were made 
at a constant temperature of 25°C. The lattice constants 
Lf-.1170 
Lf-.1150 
Lf-.1130 
4.1110 
4.1090 
4.1070 
4.1050 
o<G 4.1030 
fJ 
~ 
rU 
fJ 
4.1010 
U) 
~ 4.0990 0 
u 
Cl.) 
4.0970 C) 
•rl 
fJ 
fJ 
rU 4.0950 
.....:r 
4.0930 
4.0910 
4.0890 
4.0870 
4.0850 
4.0830 
4.0810 
1-
1·}'-
.. {:~ 1 . 0 At.% In 
..f.·r- _____-{;)"' 
:r 
-
......(• )--
.[. I J • 0 At.% In 
.......( 
·>-
.-(·}-
--e: ......--
I-
1-
1-
...I•J" 
_..(.~ 6~o 6 5 At.% In 
.-{ 
·r 
"""'r 
1-
f-
-
,.....-
::r-- ;..:: __.. 4 .0 At.% In 
·)' .------<:r 
6 
~ 
-C - r<::.r" 
_J, 
~ 2 .0 At.% In 
-
~ 
..(•)-
}'-
lS 25 35 4-S 55 
Temperature °C 
Figure 9. Lattice constant versus temperature 
for the ~-phase of gold-indium system. 
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TABLE V 
Linear thevmal expansion coefficients of Gold 
and Gold-Indium alloys. 
Atomic % Indium 
0.00 13.4 
2.00 15 . .5 
4. 0 0 17.23 
6.65 16. 65 
lO. 0 0 17.10 
12.0 0 17.13 
40 
17xl0- 6 
lSxl0- 6 
0 ..... ~ 
/ 0 
cv 
r-
2 4- 6 8 lO 
Atomic Per Cent of Indium 
Figure 10. Thermal expansion coefficients 
of gold-indium alloys. 
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TABLE VI 
Lattice constants of unhom?genized alloy cylinders 
(which passed slowly through a furnace) and homogenized 
ones. Refraction correction of 0.0003 1 included. 
Composition La·ttice Constant 1\ 
At.% In Unhomogenized alloy Homogenized alloy Bottom Top Bottom Top 
I; 
2.0 4.0805 4.0826 4.0822 4-.0827 
*0.80 1.72 1.55 1. 7 3 
**1.00 2.00 {.00 2. 0 0 
4-.0 4.0885 4.0895 4-.0897 4.0890 
*3.72 4-. 0 7 4.13 3. 9 0 
**2.30 4-.00 4.00 4.00 
6.65 4.0906 4.0974 4.0968 4.0959 
*4.4-0 6. 6 8 6.48 6. 2 0 
**3.50 6.65 6.65 6.65 
10.0 4.1015 4.1087 4.1073 4.1071 
*8.02 10.43 9.97 9. 9 0 
**6.00 10. 00 10.00 10.00 
12.0 4.1005 4.1142 4-.1128 4.1129 
*7.70 12. 25 11.78 11. 81 
**7.50 12 0 00 12.00 12. DO 
*Atomic % In - composition from lattice constant and 
composition chart) Figure 11. 
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**Atomic % In expected from Au-In phase diagram) Figure 1. 
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obtained are reported in Table VI and the co~responding 
composition of the alloys as vead from F~gure ll. Reported 
is also the expected composition, at each end of the alloy 
ingot, taken from the phase diagram, Figure 1. 
C. Solid Solubility of Indium in Gold at 690°C 
Since all the gold indium alloys were quenched in ice 
water from a tempe~ature of 690°C, the x-ray diff~action 
patterns rep~esented the a-solid solution at 690°C. The 
lattice constants determined for the respective alloys are 
listed in Table VII~ and plotted against the atomic pe~cent-
age of the al1oying element in Figu~e 11. F~om the Figure 
follows a solid solubility of 12.57 atomic per cent indium 
in gold at 690°C. 
The increase in lattice parameter with the concentra-
tion of indium of the alloy is in agreement with Vegards 
law, starting from 2 atomic per cent indium to the solid 
solubility limit at 690°C. The equation for Vegards law 
in this range is 
-3 y = ~.0772 + 3.00 X 10 X 
where y is the lattice constant and x is the atomic percent-
age of indium. 
At compositions of the gold-indium solid solution be-
low 2 atomic per cent indium> there is positive deviation 
TABLE VII 
Latt~ce Constants of the a-ph~se of the. gold-indium 
system at 25°C. 
Refract~on Correction of 0.00035 X included. 
Compos~tion 
At.% In 
0.00 
0.25 
o.so 
1.00 
2.00 
4.00 
6.65 
10.00 
12.00 
13.00 
15.00 
4.07894 t0.00005 
4.07919 tO.OOOOl 
4.07963 t0.00004 
4.08108 t0.00004 
4.08308 t0.00002 
4.08942 xO.OOOOS 
4.09724 ±0.00003 
4.10696 ±0.00004 
4.11355 ±0.00002 
4.11494 ±0.00001 
4.11541 ±0.00007 
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from the Vegards law. The possible reason for the devia-
tion from Vegards' Law at low concentration of indium is 
mentioned in the discussion. The lattice constants at lqw 
indium concentrations are taken from the Table VII. 
D. Density 
The samples of 99.999 per cent pure gold and gold-
indium alloys, for the purpose of density determination, 
were prepared with special care as described in the previ-
ous chapter. The resulting cylindrical samples consisted 
of a few large crystallites, or in the case of pure gold, 
of a single crystal. It was assumed that the samples were 
free of pores or cavities. All the specimens were cleaned 
and their bulk densities measured. 
Then, all the samples were homogenized at 690 ±5°C for 
seven days and quenched in ice water from this temperature. 
Again the bulk density of each alloy specimen was found. 
1. Density of Pure Gold Sirigle Crystal 
The bulk density of pure gold was determined us~ng (a) 
an analytical balance and (b) a semi-micro balance. The 
values obtained were then reduced to the density at 25°C 
using equation (ll), page 30. 
The results of ten determinations on each of the two 
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balances are summarized in tables in Appendix E. The ave-
rage density of gold on the analytical balance was found to 
be 19.275 ±0.002 and that on the semi-micro balance was 
19.279 tO.OOl. 
2. Densi~y of Gold-Indium Alloys 
Tables in Appendix E list the results of the bulk densi-
ties determinations of the six gold-indium alloys before 
and after homogenization. The results are plotted in Fig. 
12 to show the effect of indium content of the alloy on its 
density at 25°C. Both the densities of the homogenized and 
the unhomogenized alloys are taken into consideration. 
3. The Number of Molecules per Unit Cell 
To pure gold and each of the gold-indium alloys the 
chemical formula,Auln , was assigned, assuming that on the 
X 
average a molecule in the alloy consists of one gold atom 
and x indium atoms, x being a fraction < 1. 
The factor x was calculated using the following formula: 
x ~ At.% In I At.% Au 
The molecular weight of the alloy Auinx was obtained 
by multiplying the atomic weight of indium (114.82) by the 
fraction x and adding the product to the atomic weight of 
gold (196.967). The atomic weights are based on c12 . 
TABLE VIII 
Densities of the gold and the gold-indium alloys 
reduced to 25°C. 
Density g -3 em 
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Sample slowly From smooth 
Slowly cooled and curve of 
Composition Sample Wt. cooled homogenized at density vs. 
At.% In g sample 690°C for 1 Wk camp. 
99.999% Au 14.189 *1~.2790 1'*19. 2754 19.275 
±0.0006 t0.0016 
2.0 1. 55 19 .12'5 18.960 18.990 
'" ±0.003 t0.003 
4.0 2. 69 18.691 18.647 18.722 
±0.003 ±0.003 
6.65 8.66 18.4-35 18.428 18.392 
±0.003 ±0.003 
10.0 2.92 18.080 18.002 18.008 
±0.006 ±0.004-
12.0 3.41 17.869 17.862 17.805 
±0.004 ±0.001 
15.0 2.34 17.527 17.545 
±0.003 
* Semi-micro balance 
** Analytical balance 
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Atomic Per Cent of Indium 
Effect of indium content on density at 25°C 
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Combini~g the x-~ay measurement of lattice constants 
together with the density measurements, it was possible to 
calculate the actual number of molecules, n', of Auin pe~ 
X 
unit cell for the va~ious alloys, using the following formu-
la: 
n' == dVN0 I M 
where d is the experimental density at 25°C, V is the volume 
of the unit cell at the same temperature, M the molecular 
weight of the alloy Auinx, and N0 the Avogadro's number 
(6.0240 x 10 23 ). The results of these calculations are 
shown in Table IX. 
4. Error Calculation 
The calculation of the actual number of molecules, or 
atoms, n', per unit cell, involves four different measure-
ments: d, V, N0 and Mas shown above. 
associated with each of these values. 
There is some error 
The following equation( 3 B) provides the means for esti-
mating the total error made in calculating n' 
ll.n' 
n• = 
2 
+ f (~)2 + 3 N0 
where aa, ad, aN
0 
and aA are standard deviations of the sepa-
rate measurements and £1 , £ 2 , f 3 and £ 4 are safety factors 
to cover the systematic errors; each of them is equal to or 
TABLE IX 
Actual numbe~ of molecule~ pe~ unit cell of 
the gold-indium alloys 
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Composition X ~n Mol. Wt. No. of molecules 
At.% In Auin:x of Auinx per unit cell 
0. 00 0.0000 196.967 4.0005 
2.00 0.02041 199.310 3.9074 
4-.00 0.04166 201.750 3.8222 
6.65 0.07124 205.14-6 3. 715 8 
10.00 O.llll 209.725 3.5833 
12.00 O.l364 212.624 3.5105 
15. 00 0.1765 217. 2 2 9 3.3912 
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Figure 13. Variation of Mol.Wt., Density and Lattice 
parameter with indium content of Au-In alloys. 
larger than one) estimated by the observer. 
The importance o£ these factors has been thoroughly 
discussed previously( 39 ). It was assumed that 
fl = f3 = 1 for all samples 
fl+ = 1 for pure gold 
flj. = 3 for all gold-indium alloys 
f2 = 3 for samples >10 grams 
£2 = 4 for samples <10 grams 
53 
These safety factors were chosen based on the following 
considerations: 
1) The precision attained in measuring the lattice 
constants by the mentioned technique, is so ad-
vanced that it covers the systematic errors (ac-
cur>acy). 
2) The accuracy of the internationally accepted 
values of the atomic weights of the elements is 
high compared with the relatively low accuracy 
in calculating the molecular weights of the Auinx 
alloys from weight measurements during the alloy 
preparation. 
3) Density determinations are of low accuracy which 
decreases even more with the decreasing weight 
of the samples. 
4) Avogadro's Number of 6.024 t0.0003 x 10 23 is 
correct,using it with the conversion factor of 
1.00202. The atomic weights of gold and indium, 
as listed in the l9~1 "International Union of 
Pure and Applied Chemistryn are as follows: 
Au= 196.967 ±0.003 
In= 114.820 ±0.005 
based on the isotope 12 c = l2.000. 
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CHAPTER V 
DISCUSSION OF RESULTS 
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A. Lattice Constants and Coefficients of The~mal Expansion 
By using the asymmetric film loading method and samples 
of less than 0.2 mm in diameter fo~ p~ecision dete~mination 
of lattic constants, the systematic errors due to the shrink-
age of the film, eccentricity of the specimen in the camera, 
absorption of the x-ray beam by the specimen, divergence of 
the x-ray beam, etc. are nearly completely eliminated. By 
holding the whole camera at a constant and known temperature, 
errors due to inaccu~ate knowledge of the temperature of the 
sample are also eliminated. Thus, using the high index lin$ 
(Bragg angle about 78.5°), a precision of the order of 1: 
200,000 is believed to have been reached( 27 ) in measuring 
the lattice constants of gold and gold-indium alloys. 
The lattice constants of gold reported by other authors 
together with the results of the present investigation are 
listed in Table I, page 6. For the purpose of cornpa~ison, 
all these values are reduced to the same temperature, 25.0°C, 
using the thermal expansivity of 5.46 x lo-5 A oc- 1 and the 
same units (A) obtained from Kx by the conversion factor 
of 1.00202. The variations in the reported values may be 
explained by the unequal purity of the_ gold samples being 
investigated, as well as by the uncertainty of controlling 
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and measuring the temperature of the sample during the time 
of exposure, and by the imperfection of the cameras. It 
should be remembered that the x-ray diffraction camera used 
thro~ghout this investigation, was so designed that it was 
possible to check and correct the deficiencies i£ any. 
As expected, indium was found to expand the lattice of 
. gold because of the larger atomic size of indium as compared 
with that of gold. The atomic ~adius of indium is 1.625 ~ 
0 
and that of gold is 1.442 A (fo~ the coordination number 12). 
The fact that the radius ratio between the indium and the 
. gold atoms lies within the 15 per cent limit may explain, 
according to Hume-Rothery, the existence of a fair amount 
of solid solubility of indium in gold as shown in Figure 1, 
page 8. 
The solid solubility limit of indium at 690°C in gold 
is, according to the present investigation, Figure 11, page 
45, 12.57 atomic per cent, which is slightly lower than that 
reported by Owen and Roberts( 2 S) (12.75 At.% In) and His-
cocks and Hume-Rothery( 2 ~) (12.70 At.% In). 
Since it is known that interstitials expand the lattice 
of the crystal, vacancies present should contract it. Fig-
ure ll, page 45, shows that the lattice constant of pure 
gold does not expand in proportion to the indium concentra-
tion below 2 atomic per cent indium, as it does above 2 
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atomic per cent. The number of vacancies per indium atom 
at concentrations of indium below 2 atomic per cent indium 
is much higher as seen from Figure 15, page 66. Therefore 
it seems that the deviation from Vegard's Law is caused by 
the larger number of vacancies introduced at lower concen-
trations of indium. 
For the purpose of comparison, the thermal expanslon 
coefficient of gold, in the range of 15 to 65°C, obtained 
is listed together with that reported by other authors in 
Table X. The value found is slightly lower than that of the 
previous measurements. The purity of the samples examined, 
the method of determination and the temperature range used 
may explain the differences. 
The present study ~s the first one showing the effect 
of indium additions on the linear thermal expansion coeffi-
cient of gold. The change of the coefficient within the 
face centered cubic gold-indium alpha-phase is shown in 
Figure 10, page 41. The shape of the curve (Figure 10) sug-
gests that the thermal expansion coefficient of gold increa-
ses rapidly with the addition of indium up to about 5.5 
atomic per cent and then reaches a plateau continuing up to 
the solubility limit at 690°C. 
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TABLE X 
Thermal expansion coefficient of gold 
Coeff. of thermal 
Temp. ra!lge expan§~on 
Author Year oc (X x 1 o o c-1 
Owen & Yates( 30) 1933 0-100 14-.20 
Shinoda( 21 ) 1934 13.20 
Nix & McNair( 22 ) 1941 10-66 13.97 
Weyerer (13) 1956 25-45 14.19 
Pearson( 19 ) 1958 25 13.90 
Simmons g Ba1lu£fi( 23 ) 1962 5 0-100 14.16 
Present work 1967 15-65 13.40 
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B. Lattice Distortion and Recovery of 99.999% Pure Gold 
The lattice distortion of 99.999 per cent pure gold in-
duced as a result of cold work was found to be completely 
relieved as far as could be determined by x-ray diffraction 
after twenty-two days at room temperature. This is clearly 
evident from Figure 7~ page 33, as the 420al and 420a2 lines 
become well defined and completely separated at that time. 
In comparison with 99.999 per cent silver (which recovered 
completely in 24 hours), the recovery of gold is relatively 
slow. Using the x-ray powder technique, it is impossible 
to distinguish between recrystallization and just this re-
covery. 
C. Density and Perfection of the Structure 
Densities are of extreme importance in the evaluation 
of the perfection of the structure of crystals, solid solu-
tion, etc. in terms of the presence of interstitials or va-
cancies. 
The hydrostatic weighing method is the most accurate 
method for density measurements of solid samples4 However, 
certain factors such as holes~ cavities~ porosity and mic~o­
cracks inside of a solid sample cannot be distinguished f~om 
vacancies because the liquid in which a sample is imme~sed 
cannot fill hidden holes. In order to avoid the formation 
of such holes, cavities or microcracks, the samples we~e 
very carefully prepared as described in Chapter III, page 
27, by very slow cooli~g from a tip. 
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The density of the single crystal of 99.999 per cent 
gold is 19.275 t0.002 and 19.279 ±Q.OOl g cm-3 as measured 
by the analytical balance and semi-micro balance respective-
ly. The density of gold determined using the analytical 
balance, although slightly higher, was in_ good agreement 
with the theoretical x-ray density of 19.272 g cm- 3 , calcu-
lated from the equation in Appendix c. 
The densities of the gold-indium alloys homogenized at 
690°C for one week and quenched in ice water were always 
found to be lower than the densities of the same alloys af-
ter being very slowly cooled without homogen-ization. The 
main reason may be the segregation that oocur:>:r>ed in ,slowly 
cooled saturated solid solution from above the liquidus 
temperature. The fact of seg~egation was supported by the 
findings as listed in Table VI, where the lattice constants 
and therefore the compositions differed at the two ends of 
the unhomogenized gold-indium alloy cylinders, while the 
lattice constants and hence the composition at the two ends 
o£ the homogenized alloys we~e approximately the same. The 
overall effect of segregation was therefore, the net gain 
in volume of the homogenized alloy over that of the unhomoge-
nized, which accounts for lower dens'ities fop the former. 
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The effect of indium content of the alloy on its densi-
ty was to lower it progressively with the increase of indium 
concentration as shown in Figure 12. Such an effect has to 
be expected, since the atomic radius of indium (1.625 A) lS 
larger than that of gold (1.442 A) and simultaneously the 
atomic weight of indium (114.82) is much smaller than that 
of the latter (196.967). 
Knowing the experimental densities, the number of atoms 
per unit cell of gold and gold-indium alloys can be calcu-
lated using equation (12). The results are listed in Table 
XI and plotted in Figure 14. The values of the number of 
atoms per unit cell of the homogenized (at 690°C for 1 week) 
are plotted in Figure 14a, against the concentration of in-
dium in them. The nt values show extended fluctuations. 
It is believed that the latter are caused by fluctuations 
of the density values, especially if the samples are smaller 
(1.5 to 3.0 g) in weight. 
Therefore, densities were read from a smooth curve 
drawn on a la~ger scale than that shown in Figure 12. With 
these values the number of atoms per unit cell was recalcu-
lated. The obtained n' is listed in Table XI and plotted in 
Figure 14b. 
Furthermore, the number of atoms per unit cell for each 
Auin alloy (x being a fraction <1) was calculated by multi-
x 
plying the number of molecules of Table IX by the factor 
(1 + x), the detailed description being given on page 47. 
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The number of atoms, n', per unit cell of the face-
centered cubic gold was calculated to be 4.0005 and 4.0015 
from density measurements made with analytical and semi-
micro balances respectively, using the values of N0 ~ 6.024 
x 10 23 and the factor 1.00202 for conversion of Kx units 
0 
to A units. However, with the new Avogadro's number of 
6.0225 2 x 10
23 
and the new factor of 1.002056, values of 
4.00005 and 4.000Bg respectively were obtained for n', which 
lS ln extremely good agreement with the ideal number of 
atoms 4.00000 per unit cell for the face centered cubic gold. 
The deviation is completely within the limits of propagated 
error (see page 63). 
The actual number of atoms, n', per unit cell for the 
various gold-indium alloys was always between 3.98 and 4.00 
(see Figure 14b), which suggests that the porosity was ab-
sent and that the decrease in density was caused by the in-
creasing concentration of vacancies with the indium content. 
It may also be noted that (n' + ~n') for all the alloys was 
always lower than four, where ~n' is the propagated error, 
as calculated from the equation on page 50, indicating that 
vacant sites are present in the alpha-phase, and that the 
solution is substitutional and not interstitial. 
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TABLE XI 
Imperfections per unit cell and per 
gold-indium alloys. 
(see Table IX) 
3 
em of the 
Composition No. of' atoms, n' '~ Impe.rfection Vacant Sites 
At.% In .per unit cell per unit. cel.l per cm3 x lo- 20 
0.00 4-.0005 to. oo1s +0.0005 0.0737:lt 
2.00 3.9872 tO. 0039 -0.0128 1.88 
1+.00 3.9814 tO. 004-0 -0.0186 2. 7 2 
6.65 3.9805 ±0.0037 -0.0195 2.81+ 
10.00 3.9814 ±0.0054 -0.0186 2.72 
12.00 3.9892 ±0.0011 -0.0108 1.55 
15. 00 3.9896 ±0.0035 -0.0101+ 1.49 
Interstitials by calculation. However, it is impossible 
to say whether they are present,· because the deviation 
of +0.0005 is completely within the limits of propagated 
error. 
( n' ) 
4. 0 00 
3. 9 9 0 
3. 9 8 0 
3. 9 7 0 
3. 9 6 0 
(n' ) 
4. 00 0 
3.990 
3. 9 8 0 
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-,.-- ..... ...., ......... -.,..,. ...... _..., .. -............ -- -....... --..... - ..... 
b 
4- 8 12 16 
Atomic PeP Cent of Indium 
Figure 14. Actual number of atoms per unit 
cell n' versus the indium content. 
a. Calculated values of n' 
b. Values of n' obtained from the 
smooth curves of density and 
molecular weights. 
Composition 
At.% In 
2.00 
4.00 
6.65 
10.00 
12.00 
15.00 
TABLE XII 
Vacancies per indium atom of the 
gold-indium alloys 
X in No. of indium 
Auinx atoms per u.c. 
0.02041 0.0798 
0.04166 0.1590 
0.07123 0.2650 
0.1111 0.3980 
0.1364 0.4790 
0.1765 0.5980 
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Vacancies per 
indium atom 
0.1610 
0.1170 
0.0737 
0.0467 
0.0226 
0.0174 
0.1650 
E:l 
0 0.1400 ~ 
~ 
:J 0.1150 
·r-1 
'0 
I=: 
H 
H 0.0900 
Q) 
P-i 
U) 0.0650 Q) 
·r-1 
C) 
r:: 
n:l 0.0400 C) 
n:l 
> 
0.0150 
0 4- 8 12 16 
Atomic Per Cent of Indium 
Figure 15. Relation between the vacancies 
per indium atom and the atomic per cent 
indium in gold-indium alloys. 
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To describe the perfection of the crystal structure, 
the number of vacancies per unit cell and that per cubic 
centimeter is calculated and listed in Table XI. Knowing 
the value of x in Auinx and the number of vacancies per unit 
cell, their number per indium atom can be calculated. The 
results are listed in Table XII and plotted in Figure 15. 
The latter shows clearly that the number of vacant sites at 
lower concentrations of indium is highest but reduces rapid-
ly with increasing indium concentration. Upon approaching 
the solid solubility limit, (12.57 At.% In at 690°C) the 
number of vacancies remains nearly un~hanged. 
CHAPTER VI 
SUMMARY 
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1. The complete recovery from cold work of 99.999 per cent 
gold ~s accomplished after 22 days at room temperature. 
2. The precise lattice constants at 25°C of gold and gold-
indium alloys are, (corrected for refraction): 
99.999 %pure gold 
Au-0.25 At.% In 
Au-0.50 At.% In 
Au-1.00 At.% In 
Au-2.00 At.% In 
Au-4.00 At.% In 
Au- 6 . 6 5 At . % In 
Au-10.00 At.% In 
Au-12.00 At.% In 
Au-13.00 At.% In 
Au-15.00 At.% In 
0 
4.07894 ±0.00005 A 
4.07919 ±0.00001 ~ 
0 
4.07963 ±0.00004 A 
4.08108 ±0.00004 ~ 
4.oa3os ±o.oooo2 A 
0 
4.08942 ±0.00005 A 
0 
4.09724 ±0.00003 A 
0 
4.10696 ±0.00004 A 
0 4.llass ±o~oooo2 A 
0 
4.11494 ±0.00001 A 
0 
4.11541 ±0,00007 A 
3. The lattice parameter of gold increases at a rate of 
0 
approximately 0.0030 A per atomic per cent of indium. 
4. It was found that the a-phase of the gold-indium system 
follows Vegardrs Law from 2 At.% indium up to the solid 
solubility limit at 690°C, but at concentrations below 
2 At.% indium there is a positive deviation from that 
law. 
5. The linear thermal expansion coefficients of gold and 
gold-indium alloys within the temperature ra~ge 10 to 
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65°C are: 
99.999 % pure gold 13.40 X 10-Boc-1 
Au- 2.0 At.% In 15.50 X 10-6oc-l 
Au- 4-.0 At.% In 17.23 X lo-Boc-1 
Au- 6.65At.% In 16.65 X lo-6oc-l 
Au-10. 0 At.% In 17.10 X lo-Boc-1 
Au-12.0 At.% In 17.13 X lo-Boc-1 
6. The solid solubility limit at 690°C of the F.C.C. alpha-
phase of the gold-indium system was redetermined to be 
12.57 atomic per cent of indium. 
7 . The bulk density at 25°C of gold is: 
Analytical balance 19.275 ±0.002 
Semi-micro balance 19.279 ±0.001 
8. The number of atoms, n', per unit cell of 99.999% pure 
gold with N = 6.024 x 10 23 and the conversion factor 
0 
0 
of 1.00202 to convert Kx to A ~s : 
Analytical balance 
Semi-micro balance 
4.0005 ±0.0015 
4.0015 ±0.0008 
Using the new N0 = 5.0225 2 x 10
23 
and the new conversion 
factor 1.002056, n' is: 
Analytical balance 
Semi-micro balance 
4.00005 ±0.0015 
4.00088 ±0.0008 
9. The bulk densities at 25°C of different gold-indium 
alloys before and after homogenization are: 
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Unhomogenized Homogenized 
alloy alloy 
g cm-3 g cm- 3 
Au - 2.0 At.% In 19. 12 5 ±0.003 18.960 ±0.003 
Au- 4.0 At.% In 18.691 ±0.003 18. 6 4 7 t0.003 
Au- 6.65At.% In 18.435 ±0,003 18. 4 2 8 ±0.003 
Au - 10.0 At.% In 18.080 ±0.006 18.002 ±0.004 
Au - 12.0 At.% In 17.869 ±0.004 17.862 tO.OOl 
Au - 15.0 At.'% In 17.527 t0.003 
10. The actual number of atoms, n' , per unit cell of the 
gold-indium alloys is: 
Au - 2.0 At.% In 3. 9 8 72 ±0.0039 
Au 
-
1!-.0 At.% In 3.9814 ±0.0040 
Au 
-
6.65At.% In 3.9805 ±0.0037 
Au -10.0 At.% In 3.9814 ±0.0054 
Au -12.0 At.% In 3.9892 ±0.0011 
Au -15.0 At.% In 3.9896 ±0.0035 
11. Vacancies were always present in the alpha-phase of the 
gold-indium system, the number of which decreased, ap-
preaching a limit of 0.0174 vacancies per indium atom 
at the solid solubility border. 
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APPENDIX A 
Sample Calculation for Lattice Constant Determination 
An example of the calculations of the lattice constant 
is given for the film of pure gold (shown in Figure 3, page 
19), representing an x-ray diffraction pattern of pure gold 
at 25°C taken in 4-5 minutes of exposure with cobalt radia-
tion ·in a 64- mm ci~cular camera. 
Two sets of lines in the front and back reflection area 
were measured with a comparator. The calculations and the 
results are as follows. (Fig. 5) 
Measurement of an Asymmetric Film 
(the powder pattern) 
Reading J..n 
(mm) 
Sum in (mm) 
Average in (rnm) 
Front Reflection 
c 72.452 d 76.591 
b 22.619 a 18.519 
95.071 9 5.110 
= 95.091 
Back Reflection 
h 166.575 g 160.103 
e 128.615 f 135.082 
295.190 295.185 
= 295.188 
Circumference of film cylinder= 295.188 - 95.091 = 200.097 
Conversion factor F = (360)/(4 x 200.097) = 0.44-978 
Back reflection angle ~ 
. 01 = (g-f)F 
= 25.021 X 0.44978 = 11.2540° 
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Front reflection a~gle, ea 1 = (90.- +a 1 ) 
= 90.0000 - 11.2540 = 78.7460° 
Sin ea
1 
= 0.9807717 
Lattice constant a = (3.99202S8/0.9807717) x 1.00202 
= 4.07851 ~ 
0 
Refraction correction for gold is 0.00035 A and 
0 
a 25 oc = 4.07886 A 
APPENDIX: B 
Density of Xylene 
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For the density determination, rrNatural Histological 
xylene", supplied by Fisher Scientific Company, a thermo-
statically controlled pycnometer, and triple distilled 
water were used. The determinations were made at tempera-
tures ranging from 20° to 36°C as follows. 
A 25 ml Fisher pycnometer was thoroughly cleaned, dried 
and weighed accurately in air. It was then filled with 
deaerated triple distilled water and placed into a water 
bath the temperature of which was controlled with an accu-
racy of t0.02°C. The pycnometer was left immersed in the 
constantly stirred water for one and one-half hours so that 
the pycnometer together with its contents attained the tem-
perature of the water bath. 
The excess water from inside of the pycnometer was re-
moved using a clean narrow strip of filter paper, so as to 
adjust the water level to the mark on the pycnometer neck. 
After checking the pycnometer for the absence of a1r bubbles, 
it was removed from the water bath, dried on the outside, 
allowed to attain the room temperature and finally weighed. 
The difference in the weight of the pycnometer before 
and after filling it with water, gave the net weight of the 
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distilled water being used to fill the marked volume of the 
pycnometer at the particular temperature of the water bath. 
From the mass of the distilled water, using the densi-
ties of water as listed in the International Critical Table£33 ) 
at specific temperatures, the volume of the pycnometer (up 
to the marked level) was calculated. 
The pycnometer was then emptied, cleaned, dried and 
filled with xylene. The mass of xylene which occupied the 
same volume as the water was determined at the same tempera-
ture, in the same way. The density of xylene at that temp-
erature was calculated by dividing the mass of xylene by the 
volume found. 
The same procedure was repeated to determine the densi-
ties of xylene at temperatures ranging from 20° to 36°C. 
The results are shown in the following table, and the densi-
ties of xylene reduced to vacuo are plotted versus tempera-
ture ln Figure 6, page 28. 
Temp. 
oc 
20.0 
2lf.O 
28.0 
3 2. 0 
36.0 
Densi i:y of liquid xylene at different 
temperatures 
Pycnometer 
Xylene Water Water Volume Volume 
g g cm3 gm-1 cm3 
21.7362 25.0642 1. 00177 25.10856 21.7331 25.0656 25.10997 
21.6507 25.0488 1. 00268 25.11593 21.6515 25.0482 25.11533 
21.5641 25.0252 1. 00375 25.11904 21.5664 25.0245 25.11834 
21.4792 24.9981 1.00497 25.12234 21.4786 24.9953 25.11953 
21.3955 24.9676 1.00633 25.12564 21.3965 24.9656 25.12363 
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Density 
of xylene 
g cm- 3 
0.86569 
0.86552 
0.86203 
0.86208 
0.85848 
0.85855 
0.85498 
0.85506. 
0.85154 
0.85165 
APPENDIX C 
Density Measurement of Silver Single Crystal as a 
Check on the Method Used 
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The method of measuring the bulk densities was checked 
by determining the density of a single cTystal of silver. 
The average of nine determinations is given in Table II to-
gether with the ~esults of other authors. As can be seen, 
the density obtained with silver compares favorably with 
other determinations. 
As a further check) the density of silver is compared 
with its x-ray density which is given by equation: 
where p is the x-ray density) A the atomic weight of silver 
(107.870), V the volume of the unit cell of face centered 
silver, n the ideal number of atoms per unit cell (4), and 
N
0 
Avogadro's Number (6.02~ x 102 3 mol-1 ). The measured 
density of silver, 10.4951 g cm- 3 compares favorably with 
the calculated x-ray density of silver, 10.~978 g cm- 3 with-
in the limits of error. 
This method was further checked by using the equation 
above to find out the actual number, n', of atoms per unit 
cell, using the measured density of silver, 10.4951_ g cm- 3 . 
A value of 3.9990 was obtained which is equal to 4.000 atoms 
Run 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
TABLE I 
Densities of silver single crystal in vacuum. 
Pressure 
mm Hg 
728.3 
734-.8 
732.5 
732.6 
739.9 
738.2 
737.5 
737.8 
738.2 
Temp. 
oc 
26.6 
26.2 
26.8 
26.5 
23.4 
24.8 
25.3 
24.4 
25.4 
Avevage d 25 oc 
E(Lld 25 ) 
2 
10.4-940 
10.4-949 
10.4-941 
10.4946 
10.4-957 
10.4948 
10.4948 
10.4956 
10.4948 
Avg d25°C :::; 
d25 
g cm-3 
10.4950 
'10.4956 
10.4952 
10.4955 
10.4947 
10.4947 
10.4950 
10.4953 
10.4951 
10.4951 
:::; 10.4951 t0.0002 
:::; 66 X 10-S 
Standard deviation, s :::; 0.0003 
Probable error) s' =:t0.0002 
-1 
+5 
+1 
+4 
-3 
-3 
-1 
+2 
+0 
(l :::; 18.73 x l0- 60 c- 1 was used for the reduction 
of dt to d 25 . 
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TABLE II 
Density of pure silver at 25°C. 
Density Remarks 
Reference Year (gm/cc) for Ag 
Kahlbaum( 34 ) 1902 10.4891 Vacuo-distilled 
Kahlbaum( 34 ) 1902 10.5000 Compressed 
International Critical 
Tables II (18) 1926 10.4914- Electrolytic 
Igata( 3S) Cold worked 19 37 10.4973 and annealed 
Riad( 3S) 10.4904 l964 :t0.0003 Polycrystal 
Shodhan( 3?) 10.4936 1965 t0.0009 Single Crystal 
10.4951 
Present Work 1967 :t0.0002 Single Crystal 
per unit cell within the er~or limit. 
Thus) the above comparison shows that the present 
method for accurate density measurements is sufficiently 
reliable. 
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APPENDIX D 
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TABLE I 
Lattice consta11ts of 9 9. 9 9.9 + % Au 
Cobalt radiation 
Film Temp. e at at avg. 
0 0 
No. oc dg. A A 
l 14.8 78.7867 4.07794 4.07799 
2 78.7794 4.07804 
1 25.0 78.7460 4.07851 4.07868 
2 78.7223 4.07885 
l 3 5. 3 78.7010 4.07915 4.07923 
2 78.6899 4.07931 
1 45.2 78.6655 4.07966 4.07963 
2 78.6694 4.07960 
l 55.0 78.6273 4.08021 4.08022 
2 78.6243 4.08024 
1 64.4 78.5863 4.08080 4.08069 
2 78.5981 4.08063 
3 78.5973 4.08064 
a. = 
84 
TABLE II 
Lattice constants of 99.999+% pu~e gold ~educed to 25°C. 
Temp. 
oc 
14. 8 
25.0 
35.3 
45.2 
55.0 
64.4 
4.07855 
4.07868 
1+.07867 
1+.07853 
4.07858 
4.07854 
Avg. a25 :: 4. 07859 
Ave~age a25°C 
Standard deviation, 
Probable er!"or, 8 ' 
8 
Correction for refraction 
-4 16 
+9 81 
+8 64 
-6 36 
-1 l 
-5 25 
Z(Aa) 2 :: 223 
:: 1+.07859 A 
:: 0.00007 
:: ±0.00005 
:: 0.00035 
Corrected average lattice constant = 4.07894 ±o.oooosX 
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TABLE III 
LattLce constants of Au-2.0 At.% In alloy at 
different temperatures. (not corretited for refraction) 
Film Temp. 8 at a t avg. 0 
.A No. oc dg. A 
1 14-.4 78.4966 4.08209 4.08208 
2 14.4 78.4988 4.08206 
1 25.1 78.4502 4.08276 4.08276 
2 25.1 78.4502 4-.08276 
1 35.1 78.4-088 4-.08337 4.0834-1 
2 35.1 78.4-030 4-.08345 
1 44.6 78.3649 4-.08401 4.08397 
2 44-.6 78.3705 4. 08392 
1 56.4- 78.3217 4.084-64 4.08467 
2 56.4 78.3175 4.08471 
C( :::: 
TABLE IV 
Lattice constant of Au-2 'At.% In alloy, 
Reduced to 25QC (see Table III). 
Temp. 
oc 
14.4 
25.1 
35.1 
44.6 
56.4 
4-.08273 
4.08276 
4.08277 
4.08273 
4.08268 
Avg. a25 ::: 4.08273 
Average a25°C 
Standard deviation) 
Probable error>, s' 
s 
Correction for> refraction 
5 Aa X 10 
+0 
+3 
+4 
+0 
-5 
::: 4.08273 
::: 0.00004 
= t0.00002 
::: 0.00035 
E(6a) 2 
86 
0 
9 
16 
0 
25 
::: 50 
0 
Corrected average lattice constant = 4.08308 t0.00002A 
TABLE V 
Lattice constants of Au-4 At.% In alloy at 
differ>ent temper>atur>es (not corrected for refraction) 
Film 
No. 
l 
2 
1 
2 
1 
2 
3 
1 
2 
1 
2 
Temp. 
oc 
15.1 
15.1 
25.0 
25.0 
35.0 
35.0 
35.0 
45.8 
45.8 
54.8 
54.8 
G 
dg. 
78.0692 
78.0768 
78.0273 
78.0149 
77.9819 
77.9835 
77.9856 
77.9278 
77.9213 
77.8906 
77.8825 
(). = 
a 
t ;rvg. 
4.08841 4.08835 
4.08829 
4.08904 4.08913 
4.08928 
4.08973 4.08970 
4.08970 
4.08967 
4.09055 4.09061 
4.09066 
4.09113 4.09119 
4.09124 
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TABLE VI 
Lattice constant of Au-4 At.% In alloy, 
Reduced to 25°C (see Table V). 
Temp. 
oc 
15.1 4.08906 -1 1 
25.0 4.08917 +10 100 
35. 0 4.08998 
45.8 4.08911 
54.8 4.08904 
Avg. a25 ;::; 4.08907 
Average a 250 C 
Standard deviation, s 
Probable error, s' 
-9 
+4 
-3 
= 4.08907 
= 0.00007 
=tO.OOOOS 
Correction for refraction = 0.00035 
81 
16 
9 
I:(t.a)2 = 
88 
207 
Corrected average lattice constant = 4.08942 t0.00005~ 
TABLE VII 
Lattice constants of Au-6.65 At.% In alloy at 
different temperatures (not corrected for refraction) 
89 
Film 
No. 
Temp. 
oc 
e 
dg. 
a 
t }\ avg. 
1 15.0 77.5571 4.09531 4.09630 
2 15.0 77.5597 4.09628 
1 25.0 77.5190 4.09691 4.09689 
2 25.0 77.5225 4.09686 
1 35.0 77.4813 4.09751 4.09749 
2 35.0 77.4846 4.09746 
1 45.0 77.4366 4.09822 4.09823 
2 45.0 77.4351 4.09824 
1 55.0 77.3949 4.09888 4. 09889 
2 55.0 77.3942 4.09890 
a :: 
TABLE VIII 
Lattice constant of Au-6.6S At.% In alloy 
Reduced to 25°C (see Table VII) 
Temp. 
oc 
15,0 
25.0 
35.0 
45.0 
55.0 
Avg. 
4.09696 
4.09689 
4.0'3683 
4.09691 
4.09691 
a25 = 4.09690 
Average a 25 oc 
Standard deviation, s 
Probable error, s' 
+6 
-1 
-7 
+1 
+1 
= 4.09690 
= 0.00005 
::t0.00003 
Correction for equation = 0.00034 
36 
1 
'+9 
1 
1 
~(Ll.a)2 = 88 
Corrected average lattice constant = 4.09724 ±0.00003~ 
90 
TABLE IX 
Lattice constants of Au-.10 At.% In alloy at 
different temperatures (not correC:t.ed for refraction) 
Film 
No. 
1 
2 
1 
2 
3 
4 
1 
2 
1 
2 
1 
2 
Temp. 
oc 
14.8 
14. 8 
25.0 
25.0 
25.0 
25.0 
34.95 
34.95 
45.0 
45.0 
54.75 
54-.75 
e 
dg. 
76.9640 
76.9658 
76.9244 
76.9268 
76.9236 
76.9268 
75.8790 
76.8770 
7 6. 8 31.5 
76.8416 
76.7980 
76.7910 
a; = 
4.10591 
4.10588 
4.10657 
4.10653 
4.10658 
4.10653 
4.10732 
4.10736 
4.10812 
4.10795 
4.10868 
4-.10879 
a t avg. 
X 
4.10590 
4.10655 
4.10734 
4.10804 
4.10874 
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TABLE X 
Lattice constant of Au-10 At.% In alloy, 
Reduced to 25°C (see Table IX). 
Temp. 
oc 
(A a) 2 X 1010 
14-.80 1+.10663 
25.00 4.10656 
34-.95 4.10661 
4-5.00 4.10670 
51+.75 4.10659 
Avg. a25 = 4.10662 
Average a 25 oc 
Standard deviation, s 
Probable error, s 1 
+1 
-6 
-1 
+8 
-3 
= 4.10662 
= 0.00005 
=:t0.00004 
Correction for refraction = 0.00034 
1 
36 
1 
64-
9 
E(aa) 2 = 111 
92 
Corrected average lattice constant = 4.10696 t0.00004X 
TABLE XI 
Lattice constants of Au-12 At.% In alloy at 
different temperatures (not corrected for refraction) 
Film 
No. 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
Temp. 
oc 
15.1 
15.1 
25.0 
25.0 
35.0 
35.0 
4-5.0 
4-5.0 
55.0 
55.0 
8 
dg. 
76.5717 
76.5760 
76.5270 
76.5308 
76.J.t978 
76.4874 
76.4489 
76.4516 
76.'+157 
76.4174 
4.11252 
4.11245 
4.11329 
4.11322 
4.11379 
4.11397 
4.11464 
4.11459 
4-.11524 
4-.11536 
a t avg. 
~ 
4.11248 
4.11325 
4.11388 
4.11462 
1+.11530 
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TABLE XII 
Lattice constant of Au-12 At.% In alloy, 
Reduced to 25°C (see Table XI). 
Temp. 
oc 
15.1 
25.0 
35.0 
45.0 
55.0 
Avg. a25 
4.11317 
4.11325 
4.11318 
4.11322 
4.11321 
:: 4.11321 
Average a25 oc 
Standard deviation, s 
Probable error, s' 
-4 
+4 
-3 
+1 
+0 
:: 4.11321 
:: 0.00003 
=±0.00002 
Correction for refraction= 0.00034 
E(Lia) 2 
94 
16 
16 
9 
1 
0 
= 42 
0 
Corrected average lattice constant = 4.11355 t0.00003A 
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APPENDIX E 
TABLE I 
Density of gold single crystal in vacuum 
using analytical balance 
Wt. of sample = 14.189 gm. 
Run Pressure dt 
No • Jil1'n Hg 
Temp. 
oc -3 
. g em 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
740.6 22.4 19.27490 19.27286 -2.58 
739.8 22.1 19.28142 19.27919 +3.75 
737.6 2 2. 8 19.27433 19.27263 -2.81 
7 3 7. 8 22.3 19.27945 19.27737 +1.93 
737.2 22.0 19.27521 19.27390 -1.54 
730.0 21.4 19.28227 19.27949 +4.05 
7 2 8. 0 20.9 19.27837 19.27517 -0.27 
71+2.0 21.7 19.27814 19.27555 +0.11 
74-2.0 21.1 19.27801 19.27500 -0.44 
738.0 22.2 19.27540 19.27324 -2.20 
Average d25°C = 19.2754 ±0.0017 
2 56.2326 10- 6 2:(lld25) = X 
Standard deviation, s = 0.0025 
Probable error, s f = 0.0017 
a = 1.34 x 10- 5 oc-1 was used for the reduction 
of dt to d 2soc· 
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TABLE II 
Density of. gold single crystal in vacuum 
using semi-micro balance 
Wt. of sample= 14.189. gm. 
Run Pressure 
No. mm Hg 
Temp. 
oc 
dt 
-3 g em 
d25°C 
-3 g em 
1 
2 
3 
l+ 
5 
6 
7 
8 
9 
10 
740.6 22.2 19.28145 19.27929 +2.8 
739.8. 21.1 19.28235 19.28012 +11.8 
737.6 22. 9 19.27959 19.27793 -10.8 
737.8 22.4- 19.28071 19.27871 ~3.0 
737.2 22.1 19.2801+2 19.27818 -8.3 
730.0 22.4 19.28096 19.27895 -0.6 
729.8 22.2 19.28254 19.28038 +13.7 
742.5 22.6 19.28086 19.27901 +0.0 
742.0 21.3 19.28229 19.2791+3 +4.2 
738.2 23.0 19.27961 19.27806 -9.5 
Average d25°C = 19.2790 :tO.OOOS 
2 637.55 10-B E(6d 25 ) = X 
Standard deviation, s = 0.0008 
Probable error, s' :: 0.0006 
1.3~ x 10- 5 °C-l was used for the reduction 
of dt to ct 25 oc· 
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Run No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
TABLE III 
Density of Au- 2 At.% In alloy .·(unhomogenized). 
Temp. 
oc 
24-.1 
21.7 
2 2. 8 
2 2. 9 
22.6 
23.2 
23. 3 
2 2. 3 
22.5 
23.6 
Average 
~(lld25) 2 
Standard 
Probable 
d25 
dt 
-3 g em 
19.123 
19.128 
19.134 
19.132 
19.124 
19.125 
19.123 
19.128 
19.125 
19.130 
deviation) 
error, s' 
:::; 
::: 
s = 
= 
d25 
-3 g em 
19.122 
19.125 
19.132 
19.130 
19.122 
19.124 
19.122 
19.126 
19,123 
19.129 
19.125 t0.002 
123 X 10- 6 
0.0035 
0.002 
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-3 
0 
+7 
-5 
-3 
-1 
-3 
+1 
-2 
+4 
Run No. 
1 
2 
3 
4-
5 
6 
7 
8 
9 
10 
TABLE IV 
Derisity of Au~2 At.% In alloy (horn?genized). 
Temp. 
oc 
22.2 
2 3 0 5 
20. 8 
2 2. 5 
22.8 
23.9 
20.1 
2 3. 0 
2 3. 0 
23.2 
Average 
E(~d25) 2 
Standard 
Probable 
d2S 
dt 
-3 
.. g em 
18.956 
18.958 
18.96l.j. 
18.958 
18.967 
18.959 
18.96l+ 
18.962 
18.962 
18.972 
deviation, 
error, s' 
= 
= 
s = 
= 
d2S 
-3 g em 
18.954 
18.957 
18.961 
18.956 
18.965 
18.958 
18.960 
18.961 
18.960 
18.970 
18.960 ±0.003 
192 X 10-S 
0.004-6 
0.0031 
99 
-6 
-3 
+1 
-4 
+5 
-2 
0 
+1 
0 
+10 
Run No. 
1 
2 
3 
4 
5 
6 
7 
8 
TABLE V 
Densii:y of Au-'+ At.% In alloy (unhomogenized). 
Temp. 
oc 
2LJ..l 
22.8 
21.45 
22.15 
21.6 
2 2. 7 
21.8 
22. 5 
Average 
l:(~d25) 2 
Standard 
Probable 
d25 
dt 
-3 g em 
18.687 
18.700 
18.695 
18.697 
18.685 
18.693 
18.695 
18.697 
deviation, 
error, s ' 
= 
= 
8 = 
= 
d25 
-3 g em 
18.686 
18.698 
18.692 
18.691+ 
18.682 
18.691 
18.692 
18.69'+ 
18.691 ±0.003 
165 X 10-6 
0.0045 
0.003 
100 
-5 
+7 
+1 
+2 
-9 
0 
+1 
+2 
Run No. 
1 
2 
3 
lj. 
5 
6 
7 
8 
9 
10 
TABLE VI 
Density of Au-4 At.% In alloy (homogenized). 
Temp. 
oc 
22.2 
23.4-
22.3 
21.9 
2 0. 8 
22.0 
21.4-
22.7 
23.6 
23.0 
Average 
I:(b.d25) 2 
Standard 
Probable 
d25 
dt 
-3 g em 
18.650 
18.657 
18.648 
18.647 
18.646 
18.646 
18.658 
18.649 
18. 6 46 
18.651 
deviation, 
e:l'ror) s' 
= 
= 
s = 
= 
d25 
-3 g em 
18.61+7 
18.655 
18.64-6 
18.61+4 
18.64-2 
18.64-3 
18.655 
18.648 
18. 61+5 
18.61.J.9 
18.647 ±0.003 
188 X 10- 6 
0.0046 
0.003 
101 
0 
+8 
-1 
-3 
-5 
-4-
+8 
+l 
-2 
+2 
Run No. 
l 
2 
3 
4 
5 
6 
7 
8 
9 
TABLE VII 
Density of Au-6.65 At.% In alloy Cunhom?genized). 
Temp. 
ac 
24.3 
24.8 
24.0 
23.0 
24.4 
23.5 
23.7 
22.2 
22.2 
Average 
E(t.ct 25 ) 
2 
Standard 
Pr>obable 
d25 
dt 
-3 g em 
18.444 
18.435 
18.429 
18.438 
18.435 
18.432 
18.4 34 
18.440 
18.440 
deviation, 
error, s' 
18.4-43 +8 
18.4-35 0 
18.4-28 -7 
18.4-36 +1 
18.4-34 -1 
18.4-31 -4 
18.4-33 -2 
18.4-37 +2 
18.4-37 +2 
= 18.435 ±0.003 
= 14-3 X 10- 6 
s = 0.004-2 
= 0.003 
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Run No. 
l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
TABLE VIII 
Density of Au-6.65 At.% In alloy (homogenized). 
Temp. 
oc 
23.4 
21.6 
22.4 
21.4 
21.8 
22.6 
22.6 
22.7 
22.2 
21.8 
Average 
E(b.d25) 2 
Standard 
Probable 
d25 
dt 
-3 
. g em 
18.422 
18.427 
18. 431 
18.436 
18.435 
18.430 
18.425 
18.435 
18.435 
18.433 
deviation, 
error, s' 
= 
= 
s = 
= 
d25 
-3 g ern 
18.421 
18.424-
18.428 
18.432 
18.432 
18.428 
·18.423 
18.4-32 
18.432 
18.'+30 
18.428 t0.003 
158 X 10- 6 
0.0042 
0.003 
l03 
-7 
-4 
0 
+4 
+4 
0 
-5 
+4 
+4 
+2 
Run No. 
1 
2 
3 
4 
5 
6 
7 
8 
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TABLE IX 
Density of Au-10 At.% In alloy (unhomogenized). 
Temp. 
oc 
23.6 
23.2 
23.2 
21.6 
23.4 
23.1 
22.7 
21.6 
Avev~ge 
E(t.d25) 2 
Standard 
Probable 
d25 
dt 
-3 g em 
18.076 
18.077 
18.095 
18.087 
18.074 
18.073 
18.079 
18.093 
deviation, 
error, 8 r 
:: 
::::: 
8 ::::: 
:: 
d25 
-3 g em 
18.075 
18.075 
18.094 
18.084 
18.072 
18.071 
18.078 
18.090 
18.080 t0.006 
511 X 10- 6 
0.0085 
0.006 
3 
.t.ct 25 X 10 
-5 
-5 
+14 
+4 
-8 
-9 
-2 
+10 
Run No. 
l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
TABLE X 
Density of Au-10 At.% In alloy (homogenized). 
Temp. 
oc 
23.4 
2 2. 9 
22.4 
21.7 
22.9 
21.7 
21.2 
2 2. 8 
22.5 
23.9 
Average 
~(~d25) 2 
Standard 
Probable 
18.010 
18.000 
17.996 
18.016 
17.994 
18.002 
18.005 
18.008 
18.000 
18.013 
d25 
deviation, 
error, s' 
= 
= 
s = 
= 
d25 
-3 g em 
18.008 
17.997 
18.000 
18.000 
17.992 
17.999 
18.001 
18.006 
17.997 
18.012 
18.001 ±0.00'+ 
314 X 10- 6 
0.0059 
0.00'+ 
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+7 
-4 
-1 
-1 
-9 
-2 
0 
+5 
-'+ 
+11 
Run No. 
l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
TABLE XI 
Density of Au-12 At.% In alloy -(unhom?genized). 
Temp. 
oc 
28.7 
28.4 
26.7 
24.1 
22.8 
23.2 
24.5 
24.1 
24.2 
22.9 
Average 
E(Lict 25 ) 
2 
Standar'd 
Probable 
d25 
dt 
-3 g em 
17.860 
17.864 
17.868 
17.863 
17.875 
17.878 
17.860 
17.874 
17.877 
17.870 
deviation, 
error, s' 
= 
= 
s = 
:::: 
d25 
-3 
. g em 
17.864 
17.867 
17.869 
17.862 
17.873 
17.877 
17.860 
17.873 
17.876 
17.868 
17.869 t0.004 
305 X 10-6 
0.0058 
0.004 
106 
-5 
-2 
0 
-7 
+4 
+8 
-9 
+4 
+7 
-1 
Run No. 
1 
2 
3 
4-
5 
6 
7 
8 
9 
10 
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TABLE XII 
Density of Au-12 At.% In alloy (homogenized). 
Temp. 
GC 
2 2. 5 
22.5 
22.5 
22.1 
20.S 
22.1 
21. 6 
21.1 
21.7 
22.1 
~verage d 25 
2 
E(LI.d25) 
dt 
-3 g em 
17.864-
17. 86 5 
17.865 
17. 86 2 
17. 86 5 
17.865 
17.864-
17.863 
17.866 
17.S65 
d25 
-3 g em 
17.862 
17.862 
17.862 
17.859 
17.860 
17.862 
17.861 
17.860 
17.863 
17.863 
17.861 tO.OOl 
-6 
= 26 X 10 
Standard deviation, s = 0.0017 
Probable erro~, s' = 0.001 
. 3 
6d25 X 10 
+1 
+1 
+1 
-3 
-1 
+2 
0 
-1 
+2 
+2 
Run No. 
l 
2 
3 
I+ 
5 
6 
7 
8 
9 
10 
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TABLE XIII 
Density of Au-15 At.% In alloy (unhomogeriized). 
Temp. 
oc 
22.1+ 
23.7 
22.1+ 
24.5 
23.6 
22.9 
22.0 
23.4 
23.0 
23.2 
Average 
E(6d 25 ) 
2 
Standard 
Probable 
d25 
dt 
-3 g em 
17.531 
17.529 
17.529 
17.524 
17.523 
17.532 
17.536 
17. 5 29 
17. 540 
17. 5 31 
deviation_, 
error, s' 
:::: 
= 
s = 
:: 
d25 
-3 g em 
17.529 
17.528 
17.527 
17.523 
17.522 
17.530 
17.534 
17.527 
17.532 
17.530 
17.528 t0.003 
124 X 10- 6 
0.0037 
0.003 
3 6d25 X 10 
+1 
0 
-1 
-5 
-6 
+2 
+6 
-1 
+4 
+2 
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